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Gaps and Clumps

Resonances feature prominently in another astronomical conundrum,
the gaps in the asteroid belt, which is directly related to our original
question about meteorites. Most asteroids circle between the orbits of
Mars and Jupiter, although a few come much closer to the sun. How-
ever, the asteroid orbits are not spread uniformly between Mars and
Jupiter. Their radii tend to cluster around some values and stay away
from others (Figure 10). Daniel Kirkwood, an American astronomer
who called attention to this lack of uniformity in about 1860, also no-
ticed an intriguing feature of the most prominent gaps: if an asteroid
were to orbit the sun in one of these Kirkwood gaps, then its orbital pe-
riod would resonate with that of Jupiter. Conclusion: Resonance with
Jupiter somehow perturbs any bodies in such orbits, causing some kind
of instability that sweeps them away to distances at which resonance
no longer occurs. The special role of Jupiter is no surprise since it is
so massive in comparison with the other planets. The gaps are obvious
in recent data, especially at resonances 2:1, 3:1, 4:1, 5:2, and 7:2. On
the other hand, at the 3:2 resonance there is a clump of asteroids, the
Hilda group. So stability is not just a matter of resonance: it depends
on the type of resonance. The questions remain a subject of intense
investigation.

Recent computer calculations30 show that an asteroid orbiting at a
distance that would suffer 3:1 resonance with Jupiter can either follow
a roughly circular path or a much longer and thinner elliptical path.
If the orbit of an asteroid is sufficiently elongated, it crosses the orbit
of Mars. Every time it does so there is a chance that the asteroid will
come sufficiently close to Mars for its orbit to be severely perturbed. It
will eventually come too close and be sent off into some totally different
orbit. The 3:1 Kirkwood gap is there because Mars sweeps it clean,
rather than being due to some action of Jupiter. What Jupiter does is
create the resonance that causes the asteroid to become a Mars crosser;
then Mars kicks it away into the cold and dark. Jupiter creates the
opening; Mars scores.

The same mechanism that causes asteroids to be swept up by Mars can
also cause meteorites to reach the orbit of the earth. The 3:1 resonance

FIGURE 10. Gaps and clumps in
the distribution of asteroids reveal res-
onance with the orbital period of Jupi-
ter.